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ABSTRACT : PROBLEM TO BE SOLVED: To increase the light emitting characteristic and reduce the 
operating voltage, by forming an AIN semiconductor layer for preventing the diffusion of 
impurities between an active layer and a clad layer. 

SOLUTION: The deposition of a pair of a barrier layer 16a and an active layer 16b is 
repeated five times, and then another barrier layer 16a is deposited on the multilayered 
film to form a multiple quantum well layer 16. Then, a second guide layer 17 is grown on 
the multiple quantum well layer 16. Furthermore, an AIN (1) layer 181a is grown on the 
guide layer 17 and a GaN (10) layer 182a is grown on the AIN (1) layer 181a. In the same 
manner, AIN layers 181b-181k and GaN layers 182b-182kare alternately grown, and 
finally an AIN (1) layer 181 1 is grown on the GaN (10) layer 182k to form a diffusion 
preventing layer 1 8. After that, a p-type clad layer 1 9 is grown on the diffusion preventing 
layer 1 8. 
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a >■? 9 hm 2 0 M'nlG aNH3 'J Tfc* 

{i-?-il^'ix3>' 1 O'Vcm* l?&4, 
[0045] Pi? 7 v HS 19. Pl^y 

?? hJ12 O^'t-iX^-'ill OcmVV • sTJi 0 . n 
ffi? 5 y 1 4 RtlfnSGaNl 1 3ifi*iX%1X2 5 



Ocm* /V • str*4fcft, ^fcffiffiSstf'K&^P 
M?7>y HJil 9, nSL? 7v KJil 4. pfflay*? 
bJB20RW f nffiGaNJBl 33&«3©a$fL"CV^4. 

[0 04 6] P§«®2 2i!J(CfcV»T, P Mc?) 3 > ? 7 h 
« 2 0 t m 3 >' * ? I- « 2 0 t mt 48 1 *>&MS 2 2 
aT£>4N i b<Of§Uzt5^X*—$. »y ^ISM^^St. 

P***S2 4Wfc*SVvC, n!GaN«13tT 

il24a>; 0>|Bfc t> 5 v ? «tt**^S LT v >4 . 

[0047] H2*i=icSllt»«CfS4 a l«f**** : F^> 

•ftimX'foL 1 Bti^JB^tfSS^frSBt*?- 
s> o . i o b ti^*co^(*^t«Tt epjb § n 4 JKfi- 

i- i 3 (c 4 . S VTfc 0 . to L # v ^ffitt-^tift^ 1 B 
tcijrl" J: 3 fcl 1 10m A*C$) 4-1 i: ifibfrh . — ^Ts ^ 
^^fcfBfcsS^ L S v ^ffi'Sffliffllg 1 0 A fc^-f 

fj:aKi3 0mATft4. tf*v>ta*«aEaFK 

{4. *^S^SI.t^4^#ftfBtS^* J 2kA/cm2 

"C* 0 , «*<7)^^3S3te* I F3& t 9 k A/ c m 2 

4. iiiCi*). 3js*^»tc«4#«t*ll**FW« 

LTV>4C:i:* s *jA i 4o 

[ 0 0 4 8 ] -ItUi . P WWrnZh 4 M g #«HSJi 1 

<t"CV%4fc«>T*4. •TSrib'fe. A 1 N^ H B B Sr*f^-r4 
A 1 MB&*m&* G a N^ H B B Sr«B!t-r4 G atf>H^¥ 
fl± 0 *>/h$V^A. A 1 NgfartWPWGaN^ 
ft<r)$$M£ *) i>/h£v-vtfrt\ A l Jm^t-S^S^^ 
1)^ if > COM g ^art^SfctSrC # ^rV%*»<o. -CS> 4 . 
[ 0 0 4 9 ] iy.T\ - TtfiftM s^aSttJl 1 6 

b Sl^Ili^tiffic^WJ 3*14 Off Sr^BB Sr#S?.U^r 
**-6Sl^-r4. 

[0050] H3l±-<X-f *y«5.fttm (SIMS) 

|if^4«»f|!Sfe}t3|?rF 4 P S^*Hll - C & 4Mg« 

m&7jk-?7'y7X'$i&. H3tcfcV>-C. ftlS5 2{±2k^M 
iltflJ^MS^M giSSSL . ft«Rl 1 

mmn¥&fcft?fc^nMgm%z^ix^&., % 

WJiStTV»4o 03«7)ft|f;2^1-J:3t-. 
(cffiSiNltfrftJtSR^WM sjitSti. pI? 5 •/ K1 1 
9 1 }fi;faW]Ji 18k <Offffi-Cft«t«T L , 1 0 1 */ 
cm* OTt-^'-'TV^. — ^f, ftlTcl 1 lZ7frtHm<?> 
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[0051] znzdiz^ *mmm.fc±7*t, w.io 

HI h'Jl 1 7 t P 7 y KJf 1 9 i: CJl^t A 1 N 

tsfawmmm 1 s £f£(tr ^ & . P i?7 7 h jb i 

9*^?g'|±Bl 6 btffl^^siOJP^MgOlfiic^ffp 
X I. C t tfX'^ 4* tc->T. M g ^i8J£*W:£JI 

1 6 bmmctS^X 1 0"/cm3 WT-CftifcA. Sg 
ttiitfi 1 6 b (c ft 7. LfcKM g tc J: o T jW£ 

t *8«£9HnK:ft s ft3fee>4 1 42. Ok A/ 
cm* fc&O. .§.0. &&l&=ttibftW&&1S&X'& 

[ 0 0 5 2 ] $ tc . LT , tfitHtp 

ill S^'Xtlm^Jimffi^MlSOA 1 NJI 1 S 1 a-1 
81 ltGaNfl82a-182 k t tfx£.),Zffl.A£ 
fctf £*Ut'vrt7i££-«fc 93r4£ (Ci 0 . 14 (a) 

te&if&tfcmvmm i so^^x*/^--.^- fh 

<fc 5 *^#FSr^-T4«-G a NJI 1 S 2 a 
- 1 S 2 k fi-c*^ h M#BJ&£ft4 . $ S» 
C ftikftHRUB 1 8(i. S-i^F^fi^ h 
*^t^ L < #4 J: '3 C, JK^JlSfc RK^JBROSE 
ftS&ft<S£f&3fi'CV^&£#>.. -r=S:*>t», BlKOtfcfHIp 
fflHl 8tf5ffc*Ht5H-J:aK:, A 1 N/1 18 1 a — 1 
8 1 1 tij&X&mm 1 S^*^gPT«ffi 1 0 £&4 1 
fttCjaHHarttft/hfi 1 £K *) s — G a NJI 182a 
~ 1 S 2 k{iS£M5cim$iJJl l 8<nWtM"&Bc*M 
& 1 <k 3 fcjfjtf S*rc 

fc*^ #G a NJI 1 S 2 a — 182k tCh >" 

[ o o 5 3 ] 4 it. *mmmiz{%z>mT-ft<7)xr>mm 

(i. fi!^<7)l 0 0^-<7)iy.T<501 O 7 /cm! r£>9. 
*fi^Pfi^.S^<SMLT^i). ClixteA 1 N£#OJ£ 
StfPSfligl 8tGa,. x In, N i 9 & 4 ^SJH^F 
JB 1 6 t £&&<&£rttjz&m. G a N fcjtf-f Sf&iq^ 
^Wl 0-«SJS4:. K^rSGMlziilf 

mo i o o %<n i s§e(cm^ i/o > 4 a» & -c* 4 . 
[0054] ttbty^ me i 3 teiS[TOJ« 

ISCGaN fcStf-f* t^p^Sr^** 3 . 1 %ff>A 1 N 
**tr«ItCJ: , 3. GaN£^4*g^^£3^2. 
5%?)Ga c . 5: In,., N J; 0*&«Stt» 1 6 b 
4JESHS£iT'&ilW£i:**T£4. ZtiizJ:*). pI? 
v -y I'Jf 1 9lZlfrt&1&FF*l&&&£m&ni81SmtZlt 
"Vt'hfKT* 4£#>. ffittJBl 6b£>f>fBrf 4:XPib 
**flSjS LTiSttJf<7)*S B B Bi±^'f6jJi^-4c7)T\ ?BfeS^<7> 
fbe^-tiar fr±$ It 4 -T 1 #T'£ 4 . 
[00 5 5] -9-7 r-f lttffcb 
OtSiCtmMi^ AljO s , ZnO, Mg 



A 1 2 0 4 XfiL i A 1 Ot ^OiWtfl! J: 0 
ffl^rti<. $£<C. SiC«a3£«^fflv^«.H« 
&3&£jW->fl4. 

[0056] 4fc, ttfHfyMJB 1 S*<DA 1NI1S1 
OffcbOfc:. AINJBfcAl, Ga,.,., In, N <fi 

U xtiOSx-OT&O. yiJ0SySltS>5. ) 

[0057] $ 4>fc. teJUWHlB 1 8(CMg^ip§ii 
T HT *> R«^« d 4: //T'# 4 . 
[0 0 58] 

[ S6^J»* ] *^HJ(CS4S 1 XtiSB 2 

J*M£IW6 ; i: -2rW$iJ-T4 A 1 N£-irtfi£f$#PSiJJl£ 
ffliT^Sfcft, RA 1 NS-®i3t-T4A 1 Ji N 
till ^7cST '$} 4 G a J: 0 1 -e OJl^g*i/is$ (, ^ 
A 1 N i 0^&Sfl»^^flaoB!l**«/h$^ 

ji t « A-r 4 m 2 wma^^^* wi $ 4 ^ . is 

^l5^|a|ll-r4^t^c r )j£T* J ^t^rv , >^a6. L£ 
V ^fflmisf^^^iffiM L . ttfHKE&flBf £3g£-?$ 4 . 
[00 59] »2^SM(5Sae3|S^fc:tioT. f£tt»«l 
A 1 NiO**^WMifcGaNJ:0*4#^|t* 
■ fc#SSte»«3*ifc«JBttJ:D&4fc. 
tj; ^GaNiD ^t^^lfWBfcB^F^JBlStJil 

■c, ifets#p$ijji^(t ^ixr v >t t «Mat?«rtaHseE 

ffi}IS-t4 0 

[ o o 6 o ] m i xim2<Dmgftmm?iz&^T . 

[0061 1 4*:. miXlim2<7)¥mfc%ftm?lzi5 
V»T. t!£iiTOJ®^. A l N«tO*«4 s iWMIfcA i x 
Gaj^.y I n y N (fIL. ^»xliOgx<ltii 
0. yliOSySim. ) i 0=5:4 ***WBk36»X 

mzmm $ ii^Jiftct o ^4 1 . aaB**tn 1 1 - v 

tStftitffyb. LTGa,. s In, N i O^r&SttJBfrfflV^ 

4, 

[0062]4fe.«l Xi4»2<OiNW(c?6*3IH s -tcfc 
^T. vStt/ifC. Ga,., I n. N (fit. ^4>Ox{i 
0<xglTft4. ) £fflV>4£. jaft*^)U— f** 

imi] ^wwi—mm^miz&h^miftmT-^ 
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